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= (54) Title: METHOD OF PRODUCING ASTAXANTHIN OR METABOLIC PRODUCT THEREOF BY USING CAROTENOED 
KETOLASE AND CAROTENOID HYDROXYLASE GENES 

(54) * BJS 4 K>r tf&tf* U-rJ * Kb Ko**>5-if*fc*S*jfil Lfc7X* 

0O (57) Abstract: It is intended to provide a microorganism or a plant having $ -ionone ring-4-ketolase gene and/or & -ionone ring- 3- 
OC hydroxylase, which are obtained from Brevundimonas sp. SD-212 strain, transferred thereinto. Since £ -ionone ring-4-ketolase 
^ and B -ionone ring-3-hydroxylase produced by Brevundimonas sp. SD-212 strain show higher activities than the existing enzymes, 
-j. astaxanthin can be efficiently produced by using a microorganism or the like into which genes encoding these enzymes have been 
*±J transferred 
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m m # 

[0002] *nf/^K (carotenoid. *n^y>TKtt>PP»n«) It, ^mmHH0<D^yzfU^ 

m>hfcz n f&mz&mizft&^%&m<Dmfa-v&z> 0 5Mfc£-cK6oo«^_ko# 

»^^H;W^£ftTV^(Pfander, H., ed., Key to Carotenoids, Basel, Birkhauser 
, 1987) e f®-Ctt*nT^K©^oa*^i(^A/)f(Di^|:^t5frai 

»S3E, Food Style 21,4, 53-55, 2000; Nishino, H. et al, Carotenoids in cancer ch 
emoprevention. Cancer Metastasis Rev. 21, 257-264, 2002; Mayne, S.T., j8-Carot 
ene, carotenoids, and disease prevention in humans. FASEB J., 10, 690-701, 1996 

#$0o ^^^-efcr^^v^xastaxanthin) mm^k&mntvxm^ 4$ 

V>-^l<Dfom4fflmttfAs<mmm%}m, Food Style 21, 4, 70-75, 2000). jg 
tt^Oia-e$>5-S^^^^^^BBUTin MtEB©ffNlff5R-Ctt, T***1r 
>^>tis t?#*>>E<D500m, 3-^t2xVO40^, y^^CO10f&(D^Sr#LTVN 

Food Style 21, 4, 70-75, 2000) o T***1^^W\ NK*HJ^?£tt 
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W^il^>-^>h^(m^<DJcm.:^mm, Food Style 21, 4, 70-75, 2000; Tanak 
a, T. et al, Chemoprevention of mouse urinary bladder carcinogenesis by the natural 
ly occurring carotenoid astaxanthin. Carcinogenesis 15, 15-19, 1994) 0 

[0003] T***-y->iF>te s nmmat. yt^r^T^j^v^^^mm^m 

mZtlTm, £fc, T*^1^^M£i& &Haematococcu S D luvialis (^^^^A> 

o 

[0004] ±m<D b ftzmfc-rzia^ m^mm^m^K), ftatx^^^T^^^^^ 

i-ii-XiZ^Sm^fj:oX^^(0!^nxmi; Miura, Y., Kondo, K., Saito, T., Shimad 
a, H., Fraser. P. D., and Misawa, N., Production of the carotenoids, lycopene, #-c 
arotene, and astaxanthin in the food yeast Candida utilis . Appl. Environ. Microbiol. 
64, 1226-1229, 1998; Mann, V., Harker, M., Pecker, I., and Hirschberg, J., Metab 
olic engineering of astaxanthin production in tobacco flowers. Nat. Biotechnol. 18, 8 
88-892, 2000) 0 Ltf>U£;dS£>, rx#*^?->&X<D&l&\Z&mteMfc1 L &'t'<X 

mx^m^xh, Mcmmv>}(DTx**-f->?*>izj]n%.x^ t***^^^ 

t^ls^ls (36—50%) \ZM7LX^ TK^-^^^adonixanthin^-irhifT^r-y-V 



NSDOCID: < WO 2O05 1 1 88 1 2A 



WO 2005/118812 



PCT/JP2005/009609 



7K=/Mf>(adonirubin; 7 % #^Hf-^ v (canthaxanat 
hin), 3-tKndri/rii^y>(3-hydroxyechinenone), 3'-tKn^^^i^/^(3'-hy 

2S2SSUS Pluviafe fe 3|5£> 3 -f*/^-*-^ ( /3 -C4-ketolase) it^^- (crtO) 

^P^tXt (Arabj jopsis) tCagA&h,, ^^S^-e^^^nfc^, £j&Lfci« 

fit, -tTfcto-b, 0-^*y>«-3-fcKn^>?--tf (/3-C3-hydroxylase) (CrtZ)£/3- 
W*V>at-4-Jr^— g (0-C4-ketplase) (CrtW, CrtO, £fcttBkt) laotfi^ 

* s #^^^«!:^^, oT v^c(*#^i^2;Yokoyama, A. and Miki, W., Compo 
sition and presumed biosynthetic pathway of carotenoids in the astaxanthin-produci 
ng bacterium Agrpbar,t,ftrinm amaati&gma- FEMS Microbiol. Lett. 128, 139-144, 199 
5)„ 

[0005] ttftWFXmi :Misawa, N., Satomi, Y., Kondo, K., Yokoyama, A., Kajiwara, S., Saito 
, T., Ohtani, T., and Miki, W., Structure and functional analysis of a marine bacteria 
1 carotenoid biosynthesis gene cluster and astaxanthin biosynthetic pathway propose 
d at the gene level. J. Bacterid. 177, 6575-6584, 1995 

0¥?nXm2 :Fraser, P. D., Shimada, H., and Misawa, N., Enzymic confirmation of 
reactions involved in routes to astaxanthin formation, elucidated using a direct subst 
rate in vitro assay. Eur. J. Biochem. 252, 229-236, 1998 

[ooo6] *mw<DWkMi*. $ -J*y>-m<Dm<v^u^mz*-hmzmm'rmmi 0 

* t? (0-C4-ketolase) ;*nf/^K 4,4'-/3-^-^>^— tf( C ar 

otenoid 4,4' - 0 -oxygenase) ] ^ 0 -^*S^m<D3itL<DmmiZ7km&&mA-$-ZB 
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iff [ 0 — <^-y>-^-3-t:Kn^^— if ( 0 -C3-hydroxylase) iXuTMl* 3,3'- 0 -t 
Kn^y— if (carotenoid 3,3 ' - 0 -hydroxylase) ] &:3~Ki-£>ifr<£^-:S:2£A • 

[ooo7] *&w&tbn. mmmmzfis^^^-rxm (sxwm&maim SP .) sd-212** (sd 

212tfc;MBIC 03018) ^T^^^^^<Di^mm^^t^^^hi!)^t> 

^U>m^h&\cm^i~^^>^— tf [CrtW: 0 -^MVVSM-^r^— ( 0 
-C4-ketolase) j^otV^K 4,4' - 0 If (carotenoid 4,4' - 0 -oxygenas 

e)]^TK-^>^^^^^^{-T^^^^^^^^J5^m^fcSri:§r 

03{fi[^m^7K^SSr#Ai-5tKn^r^— t?[CrtZ: 0 

^— if ( 0 -C3-hydroxylase) ; ^o^y-rK 3,3 ' - 0 -eKt^;^— if (carotenoid 3,3 ' 
-0 -hydroxylase) mmm^M^mm (CrtZ) T^^^XD^-^ 

[0008] ^l-^^^-=E-^JlSD-212»^^^DNA^V^. ^Bi^K&tt^ 

^K^^y-^ML^Co ^M^^lH^-if (cxtl) 5H5^#ti7V 

«^mW-e2oCD^ffi^WLTV ^w.bSrjLttJU PCPJBT^-v-^ 
frbfco -tf);^^— SrfflV^ ^l^>^^*JSSD-212tfcO&&&DNA££§ 

^^Lfci:-^), £rll^>lFP^ia^JT?feSvli:^5^^ofc: 0 ^(DcHi§(5^iE^J»f>t^ 

v—^tvx^ sD-2i2^3^5:K^-r^y— ^rfflv ^c^o^— ^^/y^-tf— ^ 3 

V (colony hybridization) j££rfro£±^ x ^f@C0^^cr— — ^3#e>tt^o Bite^ 
n^-^^^KDNASrPSilU iMf^^^yy-r-tf-v'a^ (Southern hybridiza 
tion)fe^fTV\ m&<&12 kbiDEs&RHDDHAmft&'mZo Z<D12 kb<DE&iKim)f<Dl& 

mmm&®:7£i,itk^ ^<DmK t*i izu ^y^^^^m rcrtw ^crtz*^ 



NSDOCID: <WO 2005 1 18812A1_I_> 



WO 2005/118812 



PCT/JP2005/009609 



tfgE#0££titfc^ (6<@) RXfhmfc* (lo) t**uif-&toZ>ORF(*—7'>})- 
"T^yzns— ^ open reading frame) # 7o] &&&irZ>Z.kti$Vftbi)*k%:<>-fco 

rtit^^-p(crtE, fiilB, crtl, srjX firtZj^lJffitCi^-^T^^^V^^i-S^: 

^ftS5O2«|ISO £ rlza^^|l]il^=i>'^h7^h^i®iLfc 0 $^^=t>-hn— /W; 
^WHSrflsaiLfc. fcfcU m#OP99-3^^>£HZO#^^, P UC18<7>ft*>0lCpU 

[0009] gp^ WT«>(i)~(i2)*JHftr*to-e*>5o 

[0010] ( 1) (a) IE^J#^-2|E<feOT^/^gB^Ij7i^^5^^h\ (b) ia^J#-^-2|E«feOT5y 
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[0012] (3)mo^n^y^K^^it^^-^, 77^^ny^^> 3^^^^$ 

Xfi-§p-CfcS^<!:^m<!;i-5 (2) \zmm<D'M^ttWmOo 
[0013] (4)^^^^j»0-e^- i §>^ i .^_ tfE(1) ^ M(3) ^fE^^^ o 

[0014] (5) (1) nm. (4) (^ie«o^^^ % i^ift-c^#L-r^^{«^^T^^^^ 

[0015] (6) (1) 75 M (3) t£|BiiMt%£, ^LTM^^bT^^V^ifcte^O 
[0016] (7)(d)ia^J#^-10fE«feOT^y^BB^^^5^^h\ (e)IS^J#^10iEtt<DT 

[0017] (8) 0 -^y>^-3-tKn^r^— ^^TMV^mt^tth 

\z.mAL.xnbtvb (7) ^fa^o^^^^^f«^ 0 

[0018] (9)teO#n^y^K£l^!at^^ ^r/^^fny^^^, 4<&^Kb$tv 

[0019] (iom±m$±mmx&z-k&&mki-z(7)7!jm9)^mm<Dm£Mo 
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[0020] (id (7)7bmuo)izfcM<Dm±®*, ®t&~&&mL,Tmm®>xi*mm*bTx* 

[oo2i] (12) (7)^M(9){cge4feote4^ mmLTmmm^Tx**y->^>*tz\z*<D 
[0022] j^r, *&w*mMizt&wi-Zo 

[0023] 1. it^^^#«ffl®yw^^^^SD-212^(MBIC 03018) 

@ Wt«^T^#^i:^o/cS^m^^^^^^M (Brevundimona 
2 sp.) SD-212 W (SD212;MBIC 03018) ft, &\km MmM&tlft a -Z? 

*T*s<?T»T-?m, Gc^fl«67.i(moi)%^*>s 0 ^mmmm^^^Mv 

i-i. TX?*^^, 2-tKn^^T^^^^>^^(2-hydroxya S taxanthin)^2-t:K 
ndpe/JK- (2-hydroxyadanixanthin) ^T?$>^^i:^ (tfc) 

/^^-^^^UJe>{CJ;^9^^$nTV^5(Yokoyama, A., Miki, W., Izumida, H. 
, and Shizuri, Y., New trihydroxy-keto-carotenoids isolated from an astaxanthin-pro 
ducing marine bacterium. Biosci. Biotech. Bioche. 60, 200-203, 1996#flg) 0 

*.mm*. mbic 03oi8b\.T(mm&'U*^?;vi?~mftm£v<*m-ftm2n 

#-^AB016849, AB014993^LTGenBank/DDBJ(C^^$nTV ^ 0 
[0024] 2. l8->f^-/^-4-^h7-^=i-Ki-Sil'e^ 

*3§9§f3U WTO (a), (b), XfiCcJ^i-^^K^-K-rSiS^CWTx - 

[0025] (a) mm^2mm<Dr^jmmmt^^^.^h\ 

[0026] (b) BB^J#-^2|B^OT5/^iH^IJ{C*3V ^Tl^b<^^(DT5y^^#*P % ^ 
[0027] (c) ia^^llE^omSSB^J^^^DNAX^n^ttW^DNA^hy^^ 

0 --r^-yv^-^h^— tf^tt^w-t-^^^^Ko 
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[0028] (a) ©^wra. ^^<^^-i-^msD-2i2m^nhtitc $ ->(*;>m-4- 

o * 

[0029] (b) (D^^hl^ (a) <D^^K{C % ^iftft 0 If «^ 

Tte, lfP{44#H6<)^^^^fe (Nucleic Acids Res. 10, 6487-6500, 1982)^^^ff 

[0030] (c)£>-<:/^ra, DNA^i^^yy^if-^a^^Jffii-^tt-J:^^^^ 

mn. ro.5xssc, o.i%sds, 42 , x:mm-e&><9, #£L<tero.2XSSC, 0.1%SDS, 6 

[0031] #3PJ©cr*WitteW, fliRtf , UT<n£ofclsXnZZkW%% 0 £-f , 

^^W^>-^^^JSSD-212^0a^K^^^y— £AJJ§®^:fc^TfE£H-5 

[0032] 3. /S-^y^^-tKn^rv-y— if^n— K-f65tfe^- 

r 

[0033] (d) gH^J#-^10fE^<^T$/^ia^J*>^5-<^K o 

[0034] (e)mmmmomm<vT^ymmmzte\<^xihv<tem&m<DT$ymtfmu. x 
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[0035] (f ) m&m*9mm<D&&mm*toftzDmxte*frtftMto%DNAbxh» 

[0036] (d) O^^-Ktt, •? *^«SD-212i*}ft»6>#fe*tfc /3 y>g|-3-fc 

[0037] (e) ©^Wtt, (d) (O^^KR:, fl ->f */^-3-fcKe2=¥v^--fef 

[0038] (f) ©^i^Kf±, DNAR±©x>>r^y -tf-^g^fijffi^ - iO^fetlS 
*fflMEi3 *tf> 3 -^y^S-3-fcKn^v^-if ^^W-r5-<^K"CfcS„ (f) O-s 

[0039] **w©HtZ3te^'tt, ^T©«fc5icL-r#5c£tfs-c#5 0 ^ 

[0040] **5, *^^OcrtWit^^^cEtZit^^«. ^W<^-f*^JRSD-212«c© 
*°^>''<K^#rt*e : f-#«r*tfl2 kb EcoRI DMAtftf *te^tfvC*5t>, COD 
NA^fJt^^m®-<^^-pBluescript II KS-tCif A$tbfc^^^Kp5Bre2-15SrW 
i"*^»®«^ft#^P-1958O^LT^^fTi&mA0ISItt^ji:^^0f#l^^^ 

[oo4i] 4. T^^^^tcn^<DRmm^±mi-im±^tcimm 

^Ttfo «&«^tttt«ictt. **W©*e*«ltT?afc<, teflttm^v^K^j* 
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[oo42] fe^bi-zw&mttmm&m&xzztK wW^^^ti-efeoTtjiv n 0 ^ 

[0043] m<D#v^MV±-&-J&mte*l^ iia, ^T^^fuV^m (FPP) frb 0 

0 -carotene) ^^i-^^l^^t^^^^^^^ytfi—gB^tfo 

^tf> J:9^jft^^-i¥o Mc&MkVXte, FP^h-f^^^^v^u^m (GGPP) 

£^J&t"5§^ittfc^-crtE % 2#^£>GGPP^£>:7^r-:x> (phytoene) ^^^t^M. 
fc^cjlM, ^^^^y=^^(lycopene)^-a-fiK-r^jt^^-cjll, y=»-<^^/3- 
0 -carotene) ^^i-5it^^-ectX(ii^, ^^^=TJl^mS^<??'b 

Wilted £ciiatte^<Djifij;£r£ffl v ^<£>;W£LV ^ ^^w^fflv rTI^ 

x&>z>o #mm<v&mMte?<7)&$:m\<^m&n, /3-^n^^3(3')-tKn^> 
s^^A-t-s^^^s^ociizate^ gist, MV^-7mmmttn;<=7=tyj) 

[0044] ^nhm(D^Ty^±^mm^m(D^x^-^m^^m.^^-iz 

m-r%*>v ; TMY ( 0 -^7o^^f c ^^(Dft^) , £fcte3-fcKn3->- 0 
m&^Z**TMbH^7*Vls^>&tzte*:<Dftffi!to) , £*:{24-Srh- 0 -f*V 

®cDFPP«i--<TO|S^^^^r ) J:^-e^§ o GGPP^^^(cJ:oTfi^*^S 

[0045] *fc, ±m<D^mi L m(D-u^^m^tc\^m^x^mir^u^--^(tct^ 

tf, i-C^SlCl^tV/D^-^) ^^^^^^K-.(D#fr-<7 0 f 1 K(tran 
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sit peptide ;ittK.\t, Rnbisco<D^^=L^yh(D^n^^)^mmLXmWm 

Seed-specific overexpression of phytc-ene synthase: increase in carotenoids and oth 
er metabolic effects. Plant J. 20, 401-412, 1999) 0 
[0046] £X±<D& fcLTfWfeftfc, ft -f W-f K ( 0 -* WSfc 

7^K:i3(*54te ©^U>aE*S^ha£fca5*$tt J.o3ffi (3 '&) 

^(3'te)^^^(^^^5^A$^^n^y^K^^T^^^^>^», 

[0047] <D^±^(D^^—(Dm m j $>K&mfc?-<Dm>A'&m.& : 

it, #<©3ttWfK:e«**LTV^<DT?(fcfc*tf, Sambrook, j., Russel.D. W., Mol 
ecular Cloning A Laboratory Manual, 3 rd Edition, CSHL Press, 2001) , 

[0048] «4fcO^^-^«^3»fiW*A-»aHa*, #<0»«CCt»l 
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[0049] 4. T^^^^%tz.n^(o^mm(r>mtm 

[0050] TXflc-y-^XDttmVOb^ 2-tb*ti*^TX?*V>^>'^TX**'9->'f-^<D 

[0051] ^0J*ffl#<DiB^J^ogB^J#-^(i, ^T<DiB?iJ^-t-o 

[0052] BB?IJ#-^1 : ^V/^^y^^^JlSD-2l2^<^alW*^^<^ia^J>S.^n^= 3 — 
[0053] m^m^r2 : ^W^>-^^E-^JRSD-212t*0£il^il^T-^=3— K^-ST^^BE 

[0054] ge^lJ#-^3 : 7 r U/<>^^xmSD-2l2W&&<D S zm&mmm<D7'7^- (7 
*V— K) 

) 

X> 
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[0055] gB^J#^10:yw^^^^MSD-212^OcctZit^^3--K-r^T5y^iB 

[0056] m&mm i &us<>^^xmsD-2im&m<D^<Dmmm<Dzf?>('T~ ( 

K) 

-K) 
-K) 

[0057] aWWJCtO, ^^^^^^JRS^l^Oca^e^&^/XttmZit^ 
[0058] [®l]T^^^^>jg^^0(c^Nt5T^^^^^^JS^ aC rt 
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tf AXSMT*y-l/*f-ls, 5m'-Kh*u^>^**y^, 6ht3-fcKndf~>:j^^y^ x 7 
teV=>^<Dt e — ^^tt-^n^-To )o a) JM109Ercrt-zeaOjEi^fe^(DHPLC^ci 
-^h^vM^O nm)„ b) JM109BreW-asta<^jg£&^OHPLC^a^h^.k(470 nm 
)» c) JMl09ParaPClW-asta<?5^^.fe^(^HPLC^n-x'hi/7A(470 nm) e d) JM109P 
araN8W-asta(DM^fe^OHPLC^n-vK i /7A(470 nm)„ 

W<D^^^-tm o a) JMl09BreW-asta<Djg£fei£<DHPLC^n^h^i*(470 nm) 
o b) JM109ParaPClW-asta<7?M^'fe^^)HPLC^n-vh ; /7A(470 nm) 0 c) JMl09Par 
aN8W-astaOjg££,iJf <£>HPLC^ti^h;5^A (470 nm) 0 

m6}&mm.&x.±m~m (iprcm^m^mmm) izwmi,tc&m<nHPLc-PDAft 

tf>\ 4«^^dr^>-^X7)fc 0 -^^tl^^-ro )o a) JM109Pancrt-Cantha<M 
^^^OHPLC^n^rh^A(470 nm). b) JMl09BreZ-asta£>jg£&i|f <£>HPLC^n 
-vYffyMAlO nm). c) JMl09PanZ-astaO^£fe|^HPLC^n-^h^.A(470 nm) 
o d) JMl09ParaPClZ-asta<^^^'fe^OHPLC^n-^H>r7A(470 nm)„ e) JMl09Par 
aN8Z-asta(^jg^^^(DHPLC^n-vh^A(470 nm) c f) JM109P99Z-astaOjg£& 
Hf£>HPLC^n^h^A(470 nm)„ 

[0059] wt, ^^ItciiO^lgig^ovN-c^^^ijiBJi-^ h^th. *&WteZMZ 

[0060] {mmmimm, ^e^K, £w&# 

(crtw) ^^:fflv^bi^^«^7^KSr^l^^:^i- 0 m«c<DJ§#ii37t:*>5 
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V ^(TC-CLB (Luria-Bertani) i£J&£ffl V ^TfTofc<> iMffcJfcDT, T ^t°^>y >- (am 
picillin;Ap , 100/ig/ml)*fctt, ^D7A7x^^ (chloramphenicol; Cm, 30 M g 
/ml)^»tC«aiDb^ 
[0061] »l] 



E. con JMI09 aafW$Kffli$ Takara 

JMI09Ercrt-zea pACCAR25AcrtX «*M JMI09 ll*AL,fc *(0 *»m 

JMI09BreW-asta PACCAR25 AcrtX <t pUCBreW £ JM109 fc*ALfcfc«> 

JM109ParaPClW-asla P ACCAR25AcrtX t pUCParaPClW £ JM109 

JMI09ParaN8W-asla P ACCAR25 AcrtX t pUCParaN8W £ JMI09 fctf) 

P ACCAR25AcrtX Cn'. crtE, crifi. crM, cjjjr. crtZfcSt^x* H Misawa et al 1995 

PUCI8 Ap', *D-~ ToyoBO 

p5Bre2-15 Ap'. Prevundjjnonas sp. SD-212 (MBIC03018) <*ffi*<D u kb OEcjiRl 

fcrtf- (*D T ^K***ifif**^) # pBluescript II 
KS-(DE£oRI e&{fcl;:#iA£n/l:fc<D 

Ap*. P^l££p_ccus sp. PC-I flllIC030M)M*«>l.83kb«>BNAW Misawa et al 1995 
M"^ pBluescript II SK+<0 PsjJ <h Ps_tElI SBttKlKiA <*n£ fcco 

Ap'. Parftcpccqs sp. N81106 OIBICO 1 143) I*^*C0 1.88 kb DNA Misawa et al. 1995 
*r>tri<pBluescript II SK-<D BamHI <h Kjml ft&KHi A<*n£ h<0 
Ap'. flrevundiqonas sp. SD-2I2 (MBIC03018) -carotene *359i 

ketoUse&PCRTMB**. P UCI8 KflAStlfc *><D 
pUCParaPClW Ap'. famoccjissp. PC-I (MBIC03024) * * © * -carotene *KW 

ketolase £PCRT*tHg3*U P UC18 KflAanfcfc© 



PPCI7 
AK96K 
PUCBreW 



pUCParaN8W 



Ap'. Paracoccus sp. N8IJ06 (MB ICO II 43) ttfcsfefl) * -carotene 
ketolase ft PCRTfcttSn, pUCI8 fcflAStlfcfcro 



1 Ap', aopicillin Wtt. Cm', chloramphenicol »tt 



Misawa, N., Satomi, Y., Kondo, K., Yokoyama, A., Kajiwara, S., Saito, T., Ohtani, 
T., and Miki, W. 1995. Structure and functional analysis of a marine bacterial carot 
enoid biosynthesis gene cluster and astaxanthin biosynthetic pathway proposed at th 
e gene level. J. Bacterid. 177: 6575-6585 :#N#ff ;£ifcl 

^*sk©»bu mm&m&m, ?4?-*sb>bu&. mnmmtn^mn^mm 

Sambrook^> (1989) (^Molecular ClonmglZ^ixtc^m^^ff^>tc 

o 

Sambrook, J., Fritsch, E. F., and Maniatis T. 1989. Molecular cloning: a laboratory 
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manual. 2nd ed. Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. 

:/W^-7V^;*m (Brevundimonas so.) SD-21 2 $*(SD212;MBIC 03018)^300 
mlcOMarine Broth (MB)J§^(Difco)T?25 < C > 3 0 F^ig^lLfco STEM 
ffimilOO mM NaCl, 10 mM Tris-HCl, 1 mM EDTA, pH 8.0) "Criel^^U 68^-? 
15^mWtmm^l,t^ 5 mg/ml (DW^—J* (Sigma) £100 /z g/mltf>RNase A (Sig 
ma)^tfl^ (50 mM ^ 25 mM Tris-HCl, 10 mM EDTA, pH 8.0)lC!$&#i 

Ufc. 37r-C— &NM>*?a.<<—bl,1t&, 250 n g/mlKftSipfCProtenase K (Sigm 
a)«r*Px., 3rCT?10^W>T>^ra-<-M.fco {C/j:5J:5^N-Lau 
roylsarcosin-Na£»]U te#J?l i ft]^J:'9^i^^^^^:fcM'^Lfc : ^37 c CT3^fl9 

0% ^^y-/V-eyv^L^, 2 mlG>TEtt»ift(10 mM Tris-HCl, 1 mM EDTA, pH 
8.0) d^LT, ffefe#DNA««teUt„ 

^^y^M^BM^^^h^^D-^y^- tf (phytoene desaturase 

>»^^m) 3te-7-<cEU)<z>*§ m$k&mm br#t>nfecrti-Fo^>r^— (5 • -tty 

GAY GCI GGI CCI ACI GT -3*h crtl-Rey^-f-v— (5' -CCI GGR TGI GTI CCI 
GCI CC-3')4rfrj£U "rnimvtz^mzxmhtiit^ ^W^^-r*^JRSD-212 
4*<^Sfe&toNA££IMtL--CfflV\ PCR8sK:j;iJii«Lfco «HM4DNAaKy^5*— 
ttLa-Taq (TaKaRa)£fflV\ 96<C ^5^^^^^, 9tfC-C20S\ 58*C-C3<«j\ 72 
t CT?1^0^#^35^^K^li4g$rtTofco 1% THn-*?;vmM, 

84tr?iHMfc« 1.1 kbOg$ODNA£T#n— j*y/i^£>^j9fflU (Qiagene G 
el Extraction kit, QIAGENE, ^LXteGene Clean II Kit, BI0101)£"frofc 0 *jt$I$ 
tlfcONABrtf J*, pGEM-T EuyttgttU *Ji§m (DH5 a ) fcj* JflBJftL-fc. Z.<T>7° 
7^K£rpCRTI-SD212<b£ <5if. T>^>V>i^MUt2 ml©LB«flc«fJfi-C3rC 
x — ^9^5K*rttUiLfc. tt(ti$tt^?^KM: Big Dye Terminator Cy 

cle Sequencing Ready Reaction Kit ver.2 (Perkin-Elmer)<i:model 3700 DNA sequenc 
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er (Perkin-Elmer)£fflV ^#«©^nh3-/WCfEoT£aSB3aj (gB#IS?U) <D&j£& 
ftotCo &m£tl1ZDNAmmteBlast (Altschul and Lipman, 1990)$rfflV>JMrni?- 
&m*m ^b^y'^^-if (phytoene desaturase) &^<cHDfc**-n^- 

Altschul, S. F. and Lipman, D. J., Protein database search for multiple alignments. P 
roc. Natl. Acad. Sci. USA 87, 5509-5513, 1990. 

^W^^^^X«SD-212^(D|fefe^DNAO|BiiMd^7r-^^Sr#5i: 
w*£T<£^Sfc;frg£fiStratagene#:OSuperCos 1 Cosmid Vector Kit£>&&ffl9|$ 

^^Ai^m^m^n^^h'^^^omHmmzmmu lambda inn < 

Nippon Gen^^V^^T"^^-^^^-^^^ ^ bT% ( Eschprir 

bk cM)XLl-Blue MRmz^ *(D7T~-i?*ffi%i&t, ^£#l©Apjffl£cD=m^~-£ 
, Ai**tfLB^V-h±^l,000«»3lt o #f>nfe=»n=w.,^ mL ^^ fflv , 
T\ mitKtt±tonttt*LB7u~h±izmjtm\,*1* 0 rO=**K-<^-SuperC 
os 1«7.9 kb<D-<^— -e, 30—45 kbc9DNA#r>t§r*f Ai-§^^^-e^§ o 

^Jfe^!|5-Cf^®iLfc^:milXLl-Blue MR%1&^tbTfNRUfc3^K9<Y^y-5 

hybridization) &&ft\,\ £i&Mtett^tf?u—>'(DX?V--~>y'&ft'ot£ 0 
jzmm&ZfU- h±l£ftt*.37 < C-eig^Lfco iOirt, ^»Wtt-tfc©^V-h«>fcO 
, 48ao=-i*ott[^#ltfc 0 S:^82 mmOHybond-N+^^UXAm 

ersham Pharmacia) £:7V-M£JfH*\ B ^^Oftfc„ ^^Vi'SrtttfSU 

mmWmistzmZ±iZfa^ 10% SDS^^A,^3mm^>«ft(Whattman)-e5^ 
m-rfV**-<-MI, 3&£*tt)»tt(1.5 M NaCl, 0.5 M NaOH)*^/W5f3 mm*** 
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T^POH^r^-hSrm \ *<D&*^7Vls&+ftmi.5 M NaCl, 0.5M Tris-H 

ci)^5^r^ottfc(2iHi) 0 ^fet^xssc^iHi^b^o z<Dt^, mj&omftzmz 

„ *i*!7^:/±-^30#I^JSL!£^ 80t;^2B#Ffl^~*^ (baking) £*tV\ ^^V>- 
tCDNASrH^Lfco ^DNAfi, Alkphos Direct Labeling and Detection System 

(Amersham Pharmacia)£/BV^-Cf£i!lU ^#0/nh3-/K:{$ 0 T, nn=- 

if (cm) ^gP^M-^n-^irLTffl V ^tc=m=.^s^])y^^y 3 ^ 
•*5K£\ pCosS-K pCos5-2, pCos7-l, pCos8~U pCos9~U pCosl0-l<b£<5Jtfc o 

^Jfe^l6-eil^^^fc, 6o<D7Kv>^^^n-^%, Ap&miJQl,tc2 ml?5LB$c#ig 
Jftt?37 < C, — *feJ£3lL;fc8L ^^^KDNA$r»ti}Lfc 0 tttti^tD^^KDNAte, 
EcfiRI-e^^^bfc^, m^Sb^ofCo ^(Dm.4M NaOH2§?£&ffl^T^-Y 
fc'^y— :/ny-7V^£ff 5^<t{Cj;t5^n^>-^V^(Hybond N+) tCr-^V^r 
-Lfc 0 mm., ^>^l^vSr80 c C-e2^ra, (baking) £?tV\ ^V^i^ 

{rDNA<Sr@^L?to -€:<£>f£» Alkphos Direct Labeling and Detection System (Amersh 
am Pharmacia)^ V\ W^H^^-dh^— ;H;j|ot, iMf ^N^^y^-lf— i/3>% 

$r)f Sr^n— ;/£L/CfflV^Co -t<D*M^ 6o<DJK^^^^n— ^<^5*>pCos5-2, p 
Cos7-l, pCos9-l£>3o<D^O— iXl^^T, 12 kbO£eoRl»f # ICaK i^V^v^^- 

^^fe^|7T*Jl^$^^^lirtt^^->'Olo(pCos5-2)?^ffiV^ > 12 kbtf^AHfr^&E 
SoRH^tijU 7°^^F-<^^— pBluescript II KS-^EcoRIgK^^jt^l j^BM 
(E. £2U)DH5att^W^Lfc 0 w^>^ , ^5K^p5Bre2-15^<5{t^ 0 r©^J| 
®£r, Ap£r»lUt2 ml<Z)LB^^^-e37 I C, — T^^KilrttmLfCo 
^W^tU^l^^^Kf^Big Dye Terminator Cycle Sequencing Ready Reaction Kit ve 
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r.2 (Perkin-Elmer)£model 3700 DNA sequencer (Perkin-Elmer^/BV^JRO^nh 
a-MZ$&Tm&mmv>#;m*ft<>1t. »fc&h,fcll,991 bpODNAiB?IJJ*Gene 
Mark.hmm(Lukashin A. and Borodovsky MJSr^V^it^^-a— K^g^^^b % SD 
mmm<Dmm?£¥Zn\,\ 12 kb(^tf*Ki2^,7>ORF(open reading frame) ^« 
H.Lfc(B2). Blast *rfflV\ &ORF<DT$;m&m^&V<Dttvi?~&m&{f\ ( * 
s 12«<&5*=>7*tt, &&<D*uTMh*£&&mte*( £m , ^ crti, ^ crtE, fi 
rtZ, M) Sr^LTV ^(DT? (*2) , crM, sx£L crU, cxtfi, crtE, criZ 

^^Kp5Bre2-15^W^5^MII{iSit#^P-19580tbT3!bSCffj|fe&A^ 
C0062] [&2] 



ORFl 69.7 140 ^ 

«tW 69. 6 244 /9-*Df>C4**^-t-*' 

crrK 70.2 392 'j:a*»97-fc* 

m/ 67-3 489 TffXVT^V-fe- 

crtJ * 72 310 7*H»>*-fe* 

ORF6 75^ 355 ^ 

ORF7 74.6 3,5 ^ 

crt£ 71 298 OGPP i/>$-f 

m 74.9 350 TypcD IPP<y>7-f 

ORFU 707 257 

ORFJ2 66.7 J22 ^3, 



GenBank number 



CrtW: Brevundunonas aurantiaca (96) 

City : Xanthobaaer autotrophicus Py2 (53) 

Ort L Xanthobaaer autotrophicus Py2 (72) 

CrtB; Xanthobaaer autotrophicus Py2 (54) 



AAN86030 
AF408848 
AP408848 
AF408848 



CrtE: Xanthobaaer autotrophicus Py2 (42) AP408847 
IPP-fV^Hf^Pawoea^iomeroiwEholO (55) Q01335 
CrtZ: Alcaligenes sp. PCI (49) Q44262 



CrtW, Brovundunonss 
AP408847). IPP iion 
044262) 



unwtwcs (OenBank number AAN86030 ); CrtY, Crtl, CrtB CrtE Xtnthnh*^ _ ^ /„ » . 



Lukashin A. and Borodovsky M., 1998, GeneMark.hmm: new solutions for gene findi 
ng, NAR, Vol. 26, No. 4, pp. 1107-1115. 

Misawa.N., Nakagawa.M., Kobayashi.K., Yamano.S., Izawa,Y.,Nakamura,K. and Har 
ashima,K., Elucidation of the Erwinift uredovora carotenoid biosynthetic pathway by 
Junctional analysis of gene products expressed in Escherichia £oJL J. Bacteriol. 172, 
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6704-6712, 1990 

Misawa, N., Satomi, Y., Kondo, K., Yokoyama, A., Kajiwara, S., Saito, T., Ohtani, 
T., and Miki, W., Structure and functional analysis of a marine bacterial carotenoid 
biosynthesis gene cluster and astaxanthin biosynthetic pathway proposed at the gen 
e level. J. Bacterid. 177, 6575-6585, 1995 (##rFlfc$fci) 

Hannibal, L., Lorquin, J., D'Ortoli, N.A., Garcia, N., Chaintreuil, C, Masson-Boivi 
n, C, Dreyfus, B. and Giraud, E., Isolation and characterization of canthaxanthin bi 
osynthesis genes from the photosynthetic bacterium Bradvrhizobium sp. strain ORS 
278. J. Bacteriol. 182, 3850-3853, 2000 

Larsen, R.A., Wilson, M.M., Guss, A.M. and Metcalf, W.W., Genetic analysis of pig 
ment biosynthesis in Xanthobaeter autotrophics Py2 using a new, highly efficient tr 
ansposon mutagenesis system that is functional in a wide variety of bacteria Arch. M 
icrobiol. 178, 193-201, 2002 

^^/^>-^^^SD-212^0c I twm^{C^!93--K^tt5^^CrtWfi244T 

SD-212<DCrtWte, s<7=*y**mN81 106**<DCrtW (DDBJ/Genbank accession no. 
D58420) RXf ;<7=i-yZ>*mPC-im<&CrtW (DDBJ/Genbank accession no. D58422 
^TS/^IE^JW-VV-e, ffijjkh46%<Dm—i%. (identity) La^&fc^ofco **5 % 
*2fc*JV vc, 7^'<>^*i-xmSD-212tt<DCrtWl^ Brevundimorms aurantiaca 
tf>CrtW£96%<D*B|igt£ (W— tt) &*>&z\k&t>**&& , 'temo^MteZtunfrifi* 

*J»flS"W— pUC18 (TOYOBO) <D=— Ki"5 0 ?*K^«— tfitfcT- (lacZ) 
<z>V—h*mmk<DM&*^/<*mbt2Z> £5 ^crtWi»fe^-»PCR-r»igfiin $ -tf? 

p5Bre2-15, pPC17 % RV, pAK96K£r$#§!JDNA<*:L-Tffl V \ S'^MCEcoRHfotfcfr 



WO 2005/118812 



PCT/JP2005/009609 



. PPC17, pAK96Kte-£tv^u /^y^MPC-H*, ,£.t* ^n°^=>^^J1N 

iif^ttDNA^y^^-if {*PfuTurbo Hotstart DNA Polymerase (Stratagene)£rfflVN 
. #*95t^20#F^^«L 95^20^ Slt^O^ 72 < C-Cl^30#O^#T* 

/H6»6>1B»>ajU **®KGene Clean Turbo Kit, Q-BlOgene) £frofc„ HWttteHfcD 

NA« P uci8^EcQRi^fiamHlg(5&^ig^L, *J3§0JMlO9^SCte&Uio z.a>&- 

etlleThrAsnSer W;(jn£;h^> £5 [ C ff^ v^ttTV ^ 0 

*-C3rC, ^KttifflLfc. »Wa*lfc:79;*5KttBIg Dye Termi 

nator Cycle Sequencing Ready Reaction Kit ver.2 (Perkin-Elmer)£model 3700 DNA 
sequencer (Perkin-Elmer)£fflV M^m<0-fuh^—MZ&^XMM&m<Dm&$:'U'0 

ttnS\ ^tt-mpUCBreW QacZ::£rM), pUCParaPClW QacZ::crtW). P UCParaN8W 
(!B£Z::atifl0&fe-3ttfc. ^^^KpACCAR25 AcrtX5r^:m®JM109{C^Ab, Cm 

^5KpACCAR25 A crtX^pUCBreW.pUCParaPClW&SV ^3pUCParaN8W 

mW&mmisfto ^n^tX^ JM109Ercrt-zea, JM109BreW-asta, JM109ParaPClW-a 
sta.&.tfJM109ParaN8W-asta<t£ ^frfc* 
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mm 

JM109Ercrt-zeateCm£r8fe&t]Ubl mkDLB&&mt&~C JM109BreW-asta, JM109 
ParaPClW-asta&t/JM109ParaN8W-asta feZn^tlApRTfCmZmMlstzi mKDL 

Bm^mm^37x:. —mwsmmu 50 ni&4 mKDLBm^mm^mmu so'c-c^ 

Jg^Lfc 0 A goo =mo.5 {CftofcPttC, 0.5 mM^>IPTG(-f'y7 c ot 0 /V-/3-D-^^ 

flc^rSTE-enieias^, 400 Ml^T-feh^^pb, tf/l^^-f 5C£(ClJ;*)&3jf£ 
*(W»bT-feh^^bfc. , if<k#8l£frV\ ±m&?>mU HPLC-PDA^ 

*7-J± (Waters Alliance 2695*5cfcU?2996^h^-1'^— KTW^ttt3§)£fcfcJ:HPLC- 
PDA-MS'>^A(3g^^Nano Space SI-2:fcJ;U*ThermoQuest LCQ advantage) T? 
fe^^flf^tTofco HPLC-PDA<^)^7^A{c:{iTSK gel ODS~80Ts (TOSOH)£;i^ 
> A^(95%^/— /V), B^[^/"/W:^h^tKn77> (tetrahydrofu 

ran; THF), 7 : 3]£ffll\ 1.0 ml/minOfcftii^ 5#fIflA$aOO%&j£$iU 5^**fel0 
#tf>5B A?& 100 %frbBm 100 % {-Bj8S^^>hi|rfTV\ ^<^B?£&8#f?8i£ 
*&L*: 0 KTW*Hi«t?fi 1 V>, #®^Empowery^h^m 

T-e^^tTo^o HPLC-PDA-MS<D^7^ttC30^/7A-t?fe^|flPtt'fh;^ ; feh®lDever 
osil C30-UG-3(1.0 mm i.d. x 150 mm)^ffi^, :7V#^Ai:LTDevorosil C30-UG-S 
«rffll\fc. Afft (95%y^7— ;V) , Bj&fy^y— /Vrtert-T/^W^/loi 

— TVV(tBME), 3 : 7]£/BV\ 0.09 nd/minOSfE^, 15#HflAi#100%£i£&U 15 
^^115^^^^ 100%a^B^ 100% [Z.mM^V^Y^W ^(D^lBWL 

te£xjMPLc-PDA-MSi/*TJ*iz£z&m&m&ft'ot£(m3mm) 0 ^mm. jmi 

09Ercrt-zeatf5£jg«&i£kt, f3:£/^-r-«T, i?T3-1f ^> (zeaxanthin) (HPL 
C/PDA, RT 8.5 min, A. max 450, 479 nm; HPLC/PDA/MS, RT 25.55 muu A. max 
450, 476 nm, m/z 569.2 [M+H] + )-e$)ofc(ia3a) 0 JM109BreW-asta-Cte, ^Mfe 
^TJ**=3r1^5^(astaxanthin) (HPLC/PDA, RT 5.8 min, X max 473nm; HPL 
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C/PDA/MS, RT 13.28, A, max 476 nm, m/z 597.2 lM+HT)<Di&\^ TK^Hf >(ad 
onirubin;Poenicoxanthin) (HPLC/PDA, RT 8.1 min; HPLC/PDA/MS, RT 20.92 mi 
n, A. max 469 nm, m/z 581.2 [M+H] + ) , 3'-tKo^>^^^(3'- hydroxyechine 
none) (HPLC/PDA, RT 11.5 min. A, max 473; HPLC/PDA/MS, RT 62.10 min, A 
max 469, m/z 567.2 [M+H] + ) , 3-tKn^>^^y>(3-hydroxyechinenone) (HPL 
C/PDA, RT 11.7 min;HPLC/PDA/MS, RT 62.72 min, m/z 567.2 [M+H] + ), 
Wlycopene) (HPLC/PDA, RT 13.4 min, A. max 446, 473, 505 nm;HPLC/PDA/ 
MS, RT 90.27 min, A max 444, 471, 501 nm, m/z 537.1) <£>fc°— ^J$^^£;ft,fc( 
03b) 0 JM109ParaPClW-astai:JMlp9ParaN8W-asta-e{i, ±m<D%u<r 
XLT, TK-^i^-^^(adonixanthin) (HPLC/PDA: RT 7.6 min; HPLC/PDA/MS:R 
T 17.45 min, A. max 460, 482 nm, m/z 583.2 [M+H] + ) CDt°— ^M^titc (03c 
&V*d) 0 JM109BreW-asta, JM109ParaPClW-astaS.U?JM109ParaN8W-asta(C*3V> 

xwmL,tz**TMh~*<DT***v>^><D&mn*th?^ 75%, 65%&xm7% 

-Cfc9, JMlO9BreW-a S taOT^^>^V^»^-#^^, o yt(03) o JM 
109BreW-asta, JM109ParaPClW-asta, JM109ParaN8W-astaO^i*;ft,O;ja&;i* 

m&ttmWm-?mmteM&(bnftfr'otz 0 , JMlOgBreW-astaCD&^EtJ^ 
JMlOgParaPClW-astaSt^JMlOgParaNSW-astaO^^^tti^^^^fcTK 

p^fc iptg^p^ 10, 17, 24mmmz±mmz®i&u wmvtc&mvftvr* 

fTo/c(ia4)o ^^^5 (stationary phase) ^•C<^JM109BreW-asta(®4'<O|E-^:#) 
<^T^^^>-<D^J^^^jM109ParaPClW-asta(|g|cp<?D|E^: ■) tJMlO 
9ParaN8W-asta(ia^O|E^: A) {CJt^, SgUgKiSK, (death phase) (CAS 

$ h f£> JM109ParaPCl W-asta,fcJM109ParaN8W-asta-e(iTK==¥l^^^S#^ 
r^^jMiogBreW-asta^fiTK^^^^CD^^^^^^vMglRlfi^* 
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mm-?®.£&tltl 0 6NfFlt<DfeiM©»|j;, JM109ParaPClW-asta 

^JM109ParaN8W-asta-e«TK==¥lJ-^^^^< (T^^>f-^tmZ<^ >) W 

#W3SKJ;9, ^W^^^^-^^MSD-212^( Brevundimona S sp. SD212)&&<£> 
CrimtTY—^rV-ls^ (adonixanthin) ^kT^^I^^Castaxanthin) — <D&& 

VN«30 < C*eLB(Luria-Bertani)i^^fflV^fTofc„ i&KKUfcCT, T^fc^y V(am 
picillin;Ap, 100 /x g/ml) ^fcte^n^^^n— /P- (chloramphenicol; Cm, 30 jug 

/mi) &mmzmuLti 0 

[0063] [^3] 
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ECfl8JM109 

JM109Pancrt-Cantha 

JMl098reZ-esta 

JM109Pan2-osta 

JM109ParaPC12-asta 

JM109ParaN82-63ta 

JMi09P99Z-aata 

pAOCanthe 
PUC18 
pUCB 
p5Bre2-1S 



PCAR26 

PPC17 

AK98K 



pUCBraZ 

pUCPanZ 

pUCParaPCIZ 

pUCParaNaZ 

pUCP99Z 



P*C<amba€*||BJMf09fc»ALfr*,fl> 

pAC-CamhatpUCBiwZ€JMl08l;#ALft^(D 

pAC-Cantt«tpUCpan2SJMl09J=|»AL/h4>(D 

pAC^aftlhatpUCPafaPClZ«JM109l=«PAUfct<0 

pAC<^mhatpUCParaN8r^jMl09lz«|Atyi4,cO 

pAOCanthai:pUCP992«JMt09^*ALfrt<75 

Cm', fidE, CUB. fiti, firJY^aflfltt*C7??MK 
Ap*, ?0— -><5f^t>>£_ 

Ap*, — >$r**$£— 

Ap\ ParaffftCTU S sp. N811O0 (MBIC01143)*JB* <01 B8kbCDDNAftr**< 

^' S^ZS^™ **' P9SM <AB10ei43)*ft* <DB.8kbl»DNA«*a< 
pfiluesofpt H SKWDBQllI *SflI I ttttlzt* A 

hydroxytase*PCR-e«|«L. pUCIBKKALfc*® 

Ap*. POTtPOagnflinntfa 20D3 (D900e7)**ffc*cD 0 -carotene 

^EffiHSOUaap. PC1 <MBJCO3024)»ffi*cO/? -carotene 

Ap^Eafflfflfieaasp. N8IIO6I (MBICO1143)*ifc3R'X>0 -carotene 

r^xytasetPCR-C?i|taL,pUCl8l=»AL^^ 

Ap\ flgVPfrffigftrn »P. POM (ABl06143)»ft*(Z>^Karoteno 



TaKara 

★lew 



Ntehidaetal. unpublished I 

TOYOBO 

TOYOBO 

*** 



Misawa etai. 1990 
Misawa et at. 1995 
Misawa et at 1995 
Temmoto et al. 2003 



• Ap*. ampfcOflnftt*, C>T¥, chloramphenicol »t4 



Misawa, N., Nakagawa, M., Kobayashi, K., Yamano, S., Izawa, Y., Nakamura, K., an 
d Harashima, K. 1990. Elucidation of the Erwinia uredovora carotenoid biosynthetic 
pathway by functional analysis of gene products expressed in Escherichia coli. J. Bac 
teriol. 172: 6704-6712 

Misawa, N., Satomi, Y., Kondo, K., Yokoyama, A., Kajiwara, S., Saito, T., Ohtani, 
T., and Miki, W. 1995. Structure and functional analysis of a marine bacterial carote 
noid biosynthesis gene cluster and astaxanthin biosynthetic pathway proposed at the 
gene level. J. BacterioL 177: 6575-6585:^^^^:^1 

Teramoto, M., Takaichi, S., Inomata, Y., Ikenaga, H., and Misawa, N. 2003. Structu 
ral and functional analysis of a lycopene $ -monocyclase gene isolated from a uniqu 
e marine bacterium that produces myxol. FEBS Lett. 545: 120-126 

^S-^—pUCisfcsv ^ipucs (toyobo) k-ts # -jf^fh^y—Z 
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(iasz) m-y*mmt<Dm&*i"<?nbt£z> & iz&cgzmfcttPCR-vm 

Mc&Wjia*. 7°9^Rp5Bre2-15, pCAR25, pPC17, pAK96K. *3£TX pBS606&g| 
§!DNA<bL-CJBl\ 5'jfci&miZEcoRm&&, 3 ' ^^BamHIgBlftfr ( D 5Bre2-1 5 
, PCAR25, pPC17, PAK96K). fe6V>ii5'^{B|^Smal|f[5f4^, 3 ' £ttMM KHindHI 
SMfcSr ( P BS606) Wi-5#£HZ*i*g^^^#e)^J;5 Ki2th**LfcBE?U#-i§- (11- 
20) (D^y^-^m V \fcPCRfc,£0 s g ^ir-T5DNA»fM-5rli*BLfc 0 fc*3, pCAR 
25, pPC17, pAK96K. P BS606i±-?rtL^tl,> ^Vr-^T ■ T ^-^-^20D3^[£ 

antoea ananatis(IB;fe :Erwinia uredovora )!. (Paracoccus sd.~)PC-1;& 

, /<73y^B (Paracoccus sp.) Nftl 1 Ofifel?. jSJUfr^aff^gyUfrAJB (Flavobact 

erilimsp.) P99-3«c*3fecDcxtZ3t^^-^tf^^5:Kt?*>^o 

iifBttDNAJKy^^— IftePfuTurbo Hotstart DNA Polymerase (Stratagene)£rJB V * 
. #^95^Ct?20#K#ft^^, 95^C-e20£K 51^C-C30#, 72 < C-Cl#30#tf>i£:#-e 

-15, pCAR25, pPC17, pAK96K«tf*S£Ui:»£0 , *itt±. SmaI^HindlI»gl±ajB 
fc&frWpBS606&#S§!£Uil§^K WT^o-^^H^SftSrfTofe. Jfe^g 
#J£>g£<Z>DNA£rT;*f»— J*y/l^£>#)«?fflU ^(Gene Clean Turbo Kit. Q-BIO 
gene)SrffofCo ^«9|il$tv/cDNA{*pUC18(DEeo£Ii:EmHI^4{C, *>5lM2pUC8 

© SmaiiHmdiii^^ig^L, *J»ttjMi09fc^jrai*L;fco ZJOW?9Yistr 

tIleThrAsnSer(p5Bre2-15, PCAR25, P PC17, pAK96K&mmtl,tz.m&)hZ>\<^*.M 
etThrMetlleThrAsnSerArgGly ( P BS606%g|^i:L7t^) ^#APStl5 £5 \Z.<fW 

C^Jfe^J 143 ^^^^^^^TJtT^^^i^V^Vll^^:^^^ 

^crtzat^^^tF^^^K^Wi-^^J^^^, A P ?r^pbfc4 xcmuemw^m 

XZlX,. —m%m%., ^XSh'&mmVlto taW^fc^^KttBig Dye Termina 
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tor Cycle Sequencing Ready Reaction Kit ver.2 (Perkin-Elmer)i:model 3700 DNA se 
quencer (Perkin-Elmer)£r/B V ^JS^^nha^Hc^oT^iS^J^IS^ff ofe 

„ jEumm&mmmznit7u/<^^-rx m (Br^x™^ sp .) S D-2i2 

/Oh^-T -Ti-r^ (Pantpea ananaJis) 20D3tfc, '<7=so&;*JR (Paracoccus s 
p.)PCl#c, *M ( Paracoccus sp.)N81106tSfc, joitf, ^^/^^y^AJl 

(Flavobacterium spJpgg-a^S^^citgit^^-^-r-S^^^^Ko^^x * 

H^pUCBreZ, pUCPanZ, pUCParaPClZ, P UCParaN8Z x pUCP99Zt£ <$if1t 0 
^^KpAC-Cantha?r^®JM109{C^AL, Cmi»£=m=~£^^5~£ { -j ; 

^^^^V^^^^^OMlOgPancrt-Canthat^^IlL^ £fc, ^ 
^^KpAC-Canthai, pUCBreZ, pUCPanZ , pUCParaPClZ, P UCParaN8Z&3V^p 
UCP99Z £#{£*fl§^Ci||AU ApRXfiCmM2L**--&m$i-rZZblz£V)TX 

**v>>^m±±mmzm%>Lit 0 *n?ti<D±mmMn&m<*z. jMio9Brez 

-asta, JM109PanZ-asta, JM109ParaPClZ-asta, JM109ParaN8Z-asta, &U<JM109P 
99Z-asta<b£-c5ft£: 0 

mm 

JM109Pancrt-CanthateCm£»L*:4 mlOLBf&ftigifc-e, JM109BreZ-asta, JM 
109PanZ-asta, JM109ParaPClZ-asta, JM109ParaN8Z-asta^U«JM109P99Z-asta« 
^tt^Ap^.U?Cm^^nLfc4 ml^LB^^^-ea? 5 ^ -®Mi%mU 50 M l&4 
rnlOLB^iM^jitU 30^-C*ig#Uh o A =^,0.5 {£*ofcU#{C, 0.5 mM 

600 

<Z>IPTC 0 -D-^# ^rWy^K) £^ou ^iCJO'CT-^Uh 

o ^^f*^^HI^i^^b, m&STE^HHJJfeS^ 400 Ml^T-ferh^^ 

f?V\ _t?f3r<5j®U HPLC-PDAiX^A (Waters Alliance 269550^1529967-^-^ 
^*-VTUjifeMm^&m<Dftm*ft^*L <> HPLC-PDAtf^AKftTSK gel OD 
S-80Ts (TOSOH)£fflV\ A^(95%^/-/V) , 

MYn^T-y (tetrahydrofijran; THF), 7 : 3]£MV\ 1.0 ml/min<^gftig-C % 5#HBAi£l 
00%£i£$fU 5^^10^-OP^ A*& 100 %3&>ibB*£ 100 % ^WM^J^h^n^ 
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lZ£Z>&mfttir&ftotz(m6&m) 0 JM109Pancrt-CanthaaS£jg-r££ 
#f4* IZkAsb'-t^T, ^^^^^(canthaxanthin) (RT 10.2 min, ^max 478 n 
m) T?&ofc(06a) o JM109BreZ-asta, JM109PanZ-asta, JM109ParaPClZ-asta, JM1 
09ParaN8Z-asta-e«, ^^M^T ^Z^^ls (astaxanthin) ( RT 5.7 min, X 
max 476nm)Oflfe^ > TK-^^> (adonixanthin) (RT 7.2 min, ^.max 463 nm) 

<Dt°— ?&mM£tvrz.me>b, c , d, &tfe) 0 jMiogpggz-asta-cte, Xl/?*^^ 

(canthaxanthin) , TK=/l^fc*> (adonirubin ; Poenicoxanthin) (RT 8.6 min, X max 470 
)^±^^-e*50^(E|6f) e mn^-fX?^ JM109BreZ-asta(Eltp(??iS-^ 
:♦), JM109PanZ-ast(|glcpo|g^. : Q) ax JM109ParaPClZ-asta(@ i: POiB^: A), 
JM109ParaN8Z-asta (® ^<^|E# : ▼) _&.tfM109P99Z-asta (@ «P<£>fa-J§- : •) lZ&\, * 
T^L^nx/^KipOT^^^^>-©^a«^:^fflF^cpJM109BreZ-ast 
a#— 48^^^}*^^, 42%, 29%, 21%, 17%fc<tr;4%T'feofc 0 

*#F2St£<fc9, ^W^^^^-^MSD-212fefe ( Brevundimnnas sp . SD212) &3fe<D 
CrtZte, ^t>, ^)^^(CTX^f-^^^^-r^^^^$tt^„ £*1,e>©i|&fctt 

-212W * 3fe<^£rtZit^^-^#^-e*>5^i:^LTV >5o 
#l?J§*ffl${3\ #m<D&$fc*fi<Z>Sfli-C;fc5 B#B#fFtfjg| (^2004-166625-8-) 
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